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This paper deals with a design tool using CFD and criteria for ship structures under impact pressure loads due to
sloshing, slamming and green water. This study focuses on the development of numerical techniques for computing fluid-
structure interaction and for evaluating the seakeeping performance of a ship in nonlinear wave with breaking. This paper
also presents a prediction of a local high-impact pressure caused by a strongly nonlinear wave. The developed numerical
model was applied to ship-wave interaction for evaluation of the seakeeping performance of a ship in waves. The heave,
pitch motion and added wave resistance were compared with experimental results and strip theory, and the results were in
quite good agreement with them. It can be seen that the proposed model can accurately capture a nonlinear free surface
with wave breaking generated by a ship motion in wave and calm water.
INTRODUCTION
Ship resistance increases due to encounters with sea waves,
and it significantly affects ship operation and fuel consumption.
Anticipating this condition, ship performance can be improved
toward propulsion efficiency by reducing hull resistance, which is
an extremely important way. This purpose can be attained by the
optimized design of a ship’s hull form.
The ship design has been done by applying various theoretical
approaches for calculating the response of the ship hull in waves,
such as the Slender-body theory, Unified theory, Enhanced Unified
theory, 3D Panel method and Rankin panel method. These meth-
ods have been developed and are routinely used as an operational
design tool. Although these methods are sufficiently accurate for
evaluating seakeeping performance in calm water, it is difficult
to apply them while a ship is in motion in a severe sea condi-
tion with waves breaking. It is strongly nonlinear behavior, e.g.
slamming, green water, violent sloshing with impact load, which
we are still attempting to compute in a recent numerical work for
developing accurately computational fluid dynamics (CFD) tools.
Over the past several years, according to rapid advances in
both hardware and several computational techniques, several kinds
of capturing techniques for multiphase flow have been devel-
oped. One is the particle-based method, e.g. the MPS method
(Koshizuka et al., 1996; Shibata et al., 2007 and 2009), and
the SPH method (Gingold and Monaghan, 1977). The other is
the grid-based method, e.g., Level set method (Sussman et al.,
1997), Particle LSM (Enright et al., 2002; Hieber and Koumout-
sakos, 2005; Gaudlitz and Adams, 2008), VOF method (Hirt and
Nichols, 1981) and CIP method (Yabe et al., 2001). These numer-
ical methods have advantages and disadvantages. The discretiza-
tion of the grid-based method, that is, Eulerian scheme, can lead
to a significant numerical dissipation in areas of high curvature
or other under-resolved regions near an interface with a different
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phase. The Eulerian scheme has a problem of mass loss, especially
in computing a 3D wave breaking and air bubbles with surface
tension. Because we are limited to relatively coarse grids, there
are several efforts to improve the mass conservation of Eulerian
schemes (Olsson and Kreiss, 2005; van der Pijl et al., 2005;
Walker and Muller, 2010). The smoothing, remeshing, reinitial-
izing and reseeding procedures are necessary to overcome these
schemes’ disadvantages and to maintain their accuracy. Some
sophisticated techniques are still needed for mass conservation.
On a coarse grid, the Eulerian scheme tends to lose so much mass
that a filamentary region of fluid disappears after wave breaking
and splashing in the coastal and ocean engineering field. On the
other hand, with the particle-based method, which is a Lagrangian
scheme, it is difficult to calculate dynamic/impact pressures act-
ing on a structure without a special improvement in a practical
problem (e.g. Khayyer and Gotoh, 2009). Another fundamental
problem with this scheme is the distortion of locations of the
computational elements, resulting in an inaccurate description of
a free surface.
In naval architecture, and the ocean and hydraulic engineer-
ing field, numerical researchers have developed several CFD tools
based on the above-mentioned computational techniques. Among
them are Hino, 1997; Miyata et al., 1985; Hu et al., 2005; Zhu
et al., 1993; Oger et al., 2006, 2007, 2010; Gotoh, 2009; Rudman
et al., 2009; and Gabriele et al., 2010. Further, in recent years,
the application to ship hydrodynamics, the prediction of wave
resistance and the ship motion in a nonlinear wave, has widely
demanded highly accurate estimation, and it has been enhanced
to compute impact pressures induced by nonlinear wave motions.
There are some recent qualitatively validated numerical works on
nonlinear ship dynamics and impact loads (e.g. Maruzewski et al.,
2009). However, the solutions computed by the existing numerical
model still require more quantitative assessments in both repro-
ducibility and validation in a nonlinear wave with wave break-
ing phenomena so as to utilize these numerical models as a ship
design tool.
Against this background, we have developed a coupled Eulerian
scheme with Lagrangian particles (Mutsuda et al., 2007, 2008
and 2009) to combine the advantages and to compensate for the
disadvantages in both the grid-based and the particle based meth-
ods. The objective of development is to verify the usefulness of
